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DR. KENNELLY.--I have l istened,with great pleasure and 
interest, to the remarks that have been read this evening 
from different parts of. the country, and made by different 
members of this audience. I think it would be ev£dent; 
from the differences of opinion manifested in these remarks, 
that our present knowledge of the nature of RSntgen rays 
is very limited. I think, however, ther~ can- be no doubt 
that, with so many able workers in different parts of the 
world, engaged upon the investigation of these rays, it will 
not be very long before our knowledge of them will be greatly 
extended. The surprising feature about these rays is that 
they are produced under conditions which must have been 
present at any time during the last ten years to nearly every 
experimental ist in electricity. Nearly everyone having an 
induction coil and Crookes tube at his disposal has made 
those marvelous experiments by which Crgokes has mani- 
fested the behavior of the cathode rays. Throughout  all 
the trials and experiments of this sort, which have been 
made in this and other countries since the advent of the 
Crookes tube, these R6ntgen rays have, in all probabil i ty,  
been developed, and have been patiently wait ing for dis- 
covery. It is those things which lie immediately before our 
eyes that are often so hard to find. 
Stated Meeting, December 18, I895. 
MR. Jos. M. WILSON, President, in the chair: 
AUTOMOBILE  VEHICLES.  
B'~" PEDRO G. SALOM. 
The subject of automobi le vehicles is almost as old as 
the locomotive, and, indeed, may be said to be contempora- 
neous with the locomotive, as all automobi le vehicles are, 
in the truest sense, locomotives. But the fundamental  dis- 
tinction between the two is that one is designed for operat- 
ing on a rail, while the other is designed for operating on a 
road or pavement.  With the advent o f  the .steam engine, 
it was natural to suppose that the quest ion of moving 
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vehic les  wou ld  rece ive  cons iderat ion .  And  so it d id;  for, 
as ear ly  as I827, Go ldswor thy  Gurney  bu i l t  and operated  a 
motor  vehic le  run  by  a s team engine,  a p ic ture  of wh ich  I 
will show you la ter  on the screen. 
The  sub jec t  has been rev ived  by the marve lous  resul ts  
obta ined  in France,  in the two contests  wh ich  have  recent ly  
been held  there.  In  the last  race, between Par is  and Bor- 
deaux and return ,  a motor  vehic le,  equ ipped w i th  a Da imler  
motor ,  covered  the d is tance  of 750 mi les  in a l i t t le  over  
for ty -e ight  hours ,  at  an average  speed, inc lud ing  stops,  of 
near ly  i6 mi les per  hour.  
I may  be pardoned for read ing  a short  sketch  by  John  T. 
Bramhal l ,  in Leslie's Weebly of December  i9, i895, which,  in 
a charming  and concise form, g ives  a descr ip t ion  of the 
ear ly a t tempts  to in t roduce  automobi le  veh ic les  :
" I t  is a cur ious  c i rcumstance  that  the horse less  car r iage  
is one of the most  anc ient  of ideas. Homer  tel ls us how, 
when Thet i s  went  to Vu lcan  wi th  her  p rayer  for a shie ld 
for Achi l les ,  she found the lame arch i tec t  hard  at work,  
bathed  in sweat  f rom the heat  of his fo rges .  
"That day no common task his labor claimed, 
Full twenty tripods for his hall he framed, 
That, placed on living wheels of massy gold 
(Wondrous to tell), instinct with spirit, rolled 
From place to place, around the bless'd abodes, 
Self-moved, obedient to the beck of gods." 
Mi l ton speaks  of 
" ~ ~ ~ ~ the barren plains 
Of Sericana, where Chineses drive 
With sails and wind their canny wagons light. ~' 
The  Ear l  o f  Worcester ,  among his "century  of inven-  
t ions " - - invent ions  which,  l ike Kee ly ' s  motor ,  a lways  lacked 
the one pr ime e lement  of p ract i ca l  successmmay have  had  
an automobi le  carr iage.  But  if he had,  it  was in the same 
uncompleted  s tate  as the t r ipods  of Vu lcan.  I t  never  
"went . "  I t  is certain,  however ,  that ,  in I759, Dr. Rob inson  
cal led the a t tent ion  of Wat t  to the poss ib i l i ty  of construct -  
ing a car r iage  to be dr iven by  a s team engine,  and . ten  years  
later,  Cugnot ,  a F rench  army officer, r igged  up a gun-car r iage  
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and a big copper boiler so that it was driven by its own 
power. There was too much danger of the passengers be- 
ing scalded to death to make the machine at all popular, 
and being convicted of an aggravated assault upon a stone 
wall, it went with other crude experiments 
" Into a l imbo large and broad, since called 
The Paradise of fools." 
Watt  patented a road engine in 1784, and about the same 
time, Murdoeh, his assistant, completed and made a trial of, 
a model locomotive driven by a "grasshopper ngine." This 
is said to have run 6 to 8 miles an hour. The earliest 
patent for road engines in America was that secured by 
Oliver Evans, who obtained, in I786, from the Maryland 
Legislature, a monopoly for his system of applying steam 
to the propelling of wagons on land. In I8O4, he completed 
a fiat-bottomed boat for dredging the Philadelphia docks, 
and, mount ing it on wheels, drove it by its own steam engine 
to the river bank. Launching the craft, he propelled it 
down the river, using the engine to drive the paddle-wheels. 
Thus Evans' "Oruktor  Amphibolis," as he named his 
machine, was the first automobile wagon and the first steam 
paddle-wheel boat in America. A reproduction of the 
"Oruktor  Amphibolis," and of the Cugnot wagon also, 
may be seen at the Field Columbian Museum in Chicago. 
The i l lustrations of the various automobile vehicles 
which will be thrown upon the screen have been sufficiently 
well described in various previous publications as to be 
familiar to readers who are interested in the subject, and 
require no further comment from me. 
Mr. Morris and myself first took up the question in June, 
i894. At that t ime little or nothing had been done in this 
country or abroad, which we could use as a criterion for our 
experimental work; we were, therefore, compelled to attack 
the subject in all its bearings from an entirely novel stand- 
point. 
In designing the first vehicle, the pr imary object to attain 
was a vehicle which should be able to propel itself through 
any of the streets of our city, irrespective of their suitabil ity 
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for motor-vehicle traction; because if this object had not 
been attained, the first criticism would have been that such 
a vehicle might  be useful under ideal conditions of road 
surface, but for practical everyday  life it would not be suc- 
cessful. We, therefore, sacrificed the most important feat- 
ures considered by carriage makers as absolutely essential 
in order to made a motor vehicle successful, such as weight, 
design, size and distr ibution of machinery. As a conse- 
quence of this sacrifice, our first vehicl.e, while not present- 
ing an attractive appearance to a carriage builder's eye, has 
accomplished all and more than we expected of it. 
We got this first vehicle in operation August  3I, I894, 
since which time it has been in constant use, except during 
the winter months, and has traveled several hundred miles 
without serious mishap or accident, all over the streets of 
Philadelphia, some of which are still in very bad condition 
for mechanical traction, and through parts of Fa i rmount 
Park ; and, up to the present ime, we have never been com- 
pelled to attach a horse to it to bring it home, for any reason 
whatsoever. 
The total we ight  of the vehicle, including the battery, 
without passengers, is 4,250 pounds. The weight of the 
battery is 1,6oo pounds. The maximum mileage on one 
charge is 50 to Ioo miles, according to speed and grades. 
The maximum speed attained is 15 miles per hour. 
Number of accumulators, 60 of ioo ampSre-hours capacity 
each. Electrical capacity of battery, i3 horse-power hours 
at maximum discharge rate. The motor is a nominal 3 
horse-power "Electr ic  Launch Type," built by the General 
Electric Company, and capable of developing, for a short 
time, as much as 9 horse-power. The motor weighs 300 
pounds. 
The motor is connected, through a pinion on the end of 
the motor shaft, to a secondary or countershaft, having a 
balance gear to enable the wheels to move independently in 
turning curves. This countershaft has, on the ends, pinions 
gearing into large gears attached to the rear wheels of the 
wagon. The front of the wagon rests upon 'a fifth wheel, 
of 3o inches diameter, which is attached by an iron frame 
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to the rear axle. The lower half and revolving part of the 
fifth wheel rests on the springs between it and the front 
axle. This fifth wheel turns on hardened steel balls, being 
moved by a pinion and shaft with suitable reducing gear, 
which is operated by means of the hand wheel on top of the 
shaft, thus securing ample power, as well as facil ity in steer- 
ing. 
The controller regulat ing the current is placed in front of 
th~ footboard and operated by shaft and crank immediately 
below the steering whee l  
The vehicle has a seating capacity for six, but there is 
ample power, if seats were provided, to carry from twelve 
to fifteen people. The wheels are ordinary heavy wagon 
wheels, without ball bearings and with iron tires. 
The experimental data obtained from the operation of 
this vehicle proved conclusively that on good pavements we 
could propel a vehicle weighing, with passengers, 5,ooo 
pounds, Io miles an hour, with an expenditure of energy 
of not over 3~ horse-power or ~ of a horse-power per t,ooo 
pounds. Wi th  this information and the experience gained 
by operating this first vehicle, we were ready to start in to 
construct a second 'vehicle to compete in the " T imes-HeraM 
Motoeycle Contest," with results which have proved highly 
satisfactory, not only to ourselves, but also to the engi. 
neering world. 
Our " Electrobat No. 2," which competed in the race on 
November 2gth, and which is designed to carry four passen- 
gers, including the driver, weighs only 1,650 pounds, com- 
plete with batteries, which you will notice is a substantial 
decrease over the first one constructed. It presents a very 
handsome appearance, and, at first sight , one is not sure it 
is not some new style of surrey. No machinery of any kind 
is in signt, with the exception of the steering lever, and it 
is exempt, therefore, from the criticism generally passed on 
motor vehicles, that they look more like a piece of machin- 
ery than a pleasure carriage. The body was built by the 
Chas. S. Caffrey Company, of Camden, N. J., one of the most 
famous carr iage concerns in the country. There are two 
" Lundell  '" motors, of nominal i} horse-power capacity each, 
your. Franle. I~tst., Vol. CXLL  Apri l ,  1896. (Salom. )
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attached to the front axle, and pinions on the armature 
shafts gear directly into the driving gears attached to the 
front wheels. The steering is accomplished by turn- 
ing the hind wheels parallel vcith each other from a point 
about 3 inches inside the plane of the wheels, and connected 
by a rod to a vertical lever of a convenient height, to be 
operated from the front seat of the carriage. 
Although at first sight it might be supposed that steer- 
ing from the rear would be more difficult than steering from 
the front, and, notwithstanding the concensus of opinion 
among carriage men was decidedly opposed to rear steer- 
ing, yet, as a matter  of fact, this has not been found to be 
the case, as the carriage can be moved, with the sl ightest 
effort on the part of the driver, and with the greatest  cer- 
tainty, in any direction desired, and can be turned com- 
pletely around in a circle of eo feet in diameter. 
The wheels are of wood, and of the usual construction, 
except that they are fitted with pneumatic  tires and ball 
bearings. The question of the desirabil ity of using pneu- 
matic or cushion tires on a vehicle of this weight was con- 
sidered very carefully, and here again the carriage men were 
decidedly in favor of the cushion tire; but, desiring to be 
abreast of the times in all details that could add to the effi- 
cient and successful operation of the machine, we decided 
to risk the use of pr~eumatic tires. Our experience so far, 
while l imited in this regard, justifies us fully in having 
taken the risk, and we feel absolutely convinced that, with 
some slight modifications, the pneumatic tire is decidedly 
the best for motor vehicles. 
The driving or front wheels in the case of this particular 
machine are 40 inches in diameter, and the rear, or steering 
wheels, 28 inches in diameter. 
The batter ies were furnished by The Electric Storage 
Battery Company, of Philadelphia, and consist of four sets 
of twelve cells each, having a normal capacity of 50 am- 
p~re-hours per celh They  are grouped in boxes, and so 
arranged that they can readily and quickly be pushed into 
place insid, e of the body of the carriage, connection being 
automatically made with the controller. The actual t ime 
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required to take out one set of batteries and replace them 
with another is less than two minutes. 
The controller is a small instrument, standing in a con- 
venient position vertically in front of the seat, and is oper- 
ated by means of a small hand-wheel on top. There are 
three speeds ahead and one backward, which are obtained 
by various groupings of the batteries and motors in series 
and parallel. The carriage has a maximum speed of 20 
miles an hour on a good road or street pavement, and the 
.capacity of the battery is sufficient o propel it from 25 to 
30 miles. 
Up to the present ime, we have used only two different 
styles or types of battery, and it is our purpose to adhere, 
in the future, if possible, to one single type, irrespective of 
the size of the vehicle or the character of work required; 
and we will obtain the different requirements for varied 
service by changing the number of cells used on the vehicle, 
and by various methods of grouping the same through the 
controller. The type that we have fixed upon is a 5o.am- 
pSre-hour cell, weighing about I3 pounds complete. 
Twelve of these cells are grouped together in a single box 
or tray, with brass plates on the sides for automatic con- 
tacts. These boxes or trays of batteries represent, at the 
maximum rate of discharge, exactly i ki lowatt hour, or I½ 
horse-power hours, and, as they weigh only about I6o 
pounds ~ach, they can readily be handled by two men ; four 
such boxes or trays are sufficient to propel an ordinary de- 
livery wagon, weighing about ~,ooo pounds, 25 or 30 miles. 
We believe that the most practical application to which 
these vehicles can be put, at the present ime, is for service 
in parks and as delivery wagons. We do not consider it prac. 
ticable, at the present time, to send out such vehicles 
broadcast over the country before any proper arrangements 
have been made for their intel l igent care and maintenance. 
We think that the proper plan for their introduetion is to 
construct a sufficient number of vehicles of one kind to 
warrant the bui lding of a charging station, where the bat- 
teries can be charged and the vehicles kept when not in 
use. This will enable a systematic and intel l igent inspee- 
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tion of the various parts of the machines, such as all 
mechanical contrivances require, and will prevent all the 
troubles that would natural ly arise from inexperienced per- 
sons handl ing and operating them. 
The various parts of the machines can at first be pur- 
chased and then assembled at the station. This will per- 
mit of securing the best talent in the several ines of indus- 
try, which go to make up a complete machine. The carriage 
builders will build the bodies, the electrical manufactur ing 
companies the motors, and so on through the list. A build- 
ing in a suitable central ocality can be purchased or leased, 
and the vehicles can then be operated either on a lease or 
rental plan, very similar to the manner in which a l ivery 
stable is at present conducted, thus assuring to the owners 
or lessees a complete and reliable service, such as they could 
not secure at first by attempt ing to operate the vehicles 
themselves. After becoming sufficiently familiar with their 
operation and the,cost  of conducting the same, the lessees 
will then be justif ied in making their own personal arrange- 
ments. 
The station would be equipped with dynamos for 
charging the batteries, and with a sufficient amount of 
machinery to make all necessary repairs and renewals of 
motors or batteri~es. Of course, after fifty or one hundred 
such vehicles get into actual daily use, their introduction, 
we believe, will be as rapid, and the growth of the business 
as marvelous, as that of the bicycle. 
While we have made no close estimates as to the cost of 
manufacturing in quantity,  we believe that ordinary delivery 
wagons can be constructed for from $600 to $800, and 
pleasure carriages from $i,2oo to $I,5OO; while for larger 
vehicles or special designs, the prices will vary as much as 
they do in the ordinary carriage business at the present ime. 
The magni tude of the business and the possibil it ies 
which it may assume in the future can best be considered 
by comparing the work that is now done with horses, and 
that which could be accomplished by motor vehicles. At 
the present time there are probably no less than loo,0oo 
horses in Philadelphia. It costs to keep these horses, on an 
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average, including feeding, shoeing, harness and deprecia- 
tion or life of the horses, not less than $I per day, or, in 
round numbers, about $3o,ooo,ooo a year. The work they 
do could be accomplished by motor vehicles at an expense 
not to exceed 50 cents a day, or about •IS,OCO,OOO a year, 
thus making a net saving in this one city alone of $t5,ooo,- 
ooo per annum. Such a statement as this settles forever 
the question of good roads or good streets, as it is not con- 
tended that motor vehicles would be eminently successful 
under conditions that can scarcely be tolerated with animal 
traction at the present time. No further argument would 
be necessary for the rapid and permanent improvement of
all streets and roads in the country, as the enormous aving 
that would be effected by the introduction of motor vehicles 
would repay the taxpayer ten-fold in a few years. They 
would want not only good roads, but also perfect roads, and 
each city would vie with its neighbor in gett ing the most 
excellent pavements that could be laid. Ideal pavements for 
a city being a heavy bed of solid cement from curb to curb, 
and as nothing but rubber tires would be used, and as the 
wear and tear upon the pavements would be practically 
nothing, it would pay every city in the Union to effect a 
loan to build colossal subways capable of taking care of all 
the underground work, so necessary and essential in large 
cities, and make a permanent pavement above. 
The introduction of electrically propelled vehicles will 
open up an entirely new and immense field for the use of 
storage batteries, and as The Electric Storage Battery Com- 
pany, of Philadelphia, controls all the basic patents for the 
manufacture and use of storage batteries, the new industry 
about to be launched will greatly increase the volume and 
magnitude of its business. 
Electrobat No. 3 might  be said to be a study in automo- 
bile design, as may be seen when the picture is thrown 
upon the screen. It is merely a skeleton or framework, 
upon which almost any kind of wagon or carriage body can 
be placed. The design, which is entirely the work of Mr. 
Morris, is new, and differs radically from anyth ing of this 
kind ever constructed. 
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The frame consists essential ly of two tubular  rings, 
spaced apart by tubular  struts, and forming convenient at- 
tachments for the springs and front axle, leaving ample 
space for the motors and their attachments.  At  the rear of 
this frame and attached to the cross-struts is a truss frame, 
forming the support for the battery and resting on the hind 
axle, which, in this case, is provided with a "Crawford " 
universal fifth wheel. This construction admits of various 
modifications to suit the .peculiarities of different sty les  of 
vehicles. This vehicle is steered from the rear wheels by 
means of a lever or other gear, as may be found most con- 
venient. It is of tubular  steel construction throughout,  and 
the wheels are built on bicycle principles, having steel 
spokes and pneumatic tires and ball bearings. 
The method of gearing and general operation of the 
machine is similar to that of the large Electrobat No. 2, 
above described. 
This machine has a maximum speed of about 2o 
miles per hour, the complete weight, with batteries, being 
1,i8o pounds. It was built by the  Crawford Wheel  and 
Gear Company, of Hagerstown, Md. 
Electrobat No. 4 was bui lt  for the purpose of demonstrat- 
ing the practical application of electric traction, with stor- 
age batteries, to existing types  of vehicles. The standard 
tubular gear of the Crawford Wheel  and Gear Company, of 
Hagerstown, Md., was selected, and, with the slight modifi- 
cation in the rear axle of an additional tubular  shaft on 
which to suspend the motors, and the addition of a steering 
gear, is precisely what  it is now selling, and what is 
generally known as the Crawford Pneumat ic  Run-About  
Wagon. " These gears are made of weldless steel tubing, 
shaped like the ordinary side bar and axle. The axles are 
arched or dropped to correspond with the height of wheel 
used. The connections (with the exception of the fifth 
wheel) are brazed as if in one piece. There are no bolts, 
clips, nuts, etc., to loosen and rattle, and posit ively no joints 
except necessary working parts. It has ball-bearing spin- 
dles and steel-spoked wheels, with pneumatic tires with 
' Crawford non-creeping device,' " being the l ightest electri. 
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eal road machine ever built. It has a max imum speed on 
levels of over 15 miles per hour, and a distance capacity of 
from 2o to 25 miles. 
Pou~tds. 
The gear  we ighs  . . . . . . . . . . . . . . . . . . . . . . .  5o 
Whee ls  . . . . . . . . . . . . . . . . . . . . . . . . . . .  64 
Body . . . . . . . . . . . . . . . . . . . . . . . . . . .  86 
Bat tery  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35o 
Motors  . . . . . . . . . . . . . . . . . . . . . . . . . .  I5O 
Cont ro l le r  and  p la te  gears  . . . . . . . . . . . . . . . . . .  5 ° 
Sundr ies ,  about  . . . . . . . . . . . . . . . . . . .  5o 
Tota l  . . . . . . . . . . . . . . . . . . . . . . . . .  8co 
THE D IST INCT IVE  POINTS OF  ADVANTAGE POSSESSED BY THE 
ELECTRICALLY-PROPELLED VEHICLES ARE AS FOLLOWS : 
(I) Absolute safety. 
(2) No noise. 
(3) No vibration. 
(4) No heat. 
(5) No odor. 
(6) Simplicity of construction. 
(7) Ease of handling. 
(8) Perfect control. 
(9) Cleanliness. 
(IO) Economy of power. 
(i i) Economy of operation. 
(12) Cost. 
(I3) Elegance of design and freedom from mechanical 
appearance. 
Considering these points in their order--first, as to safety. 
A vehicle propelled by storage batteries is absolutely free 
from danger to life or property. Can the same be said of a 
gasoline vehicle carrying from 8 to Io gallons of gasoline ?
Would  yoube permitted to store such an amount  of gasoline 
in a barn or stable without forfeit ing your insurance ; and 
would not the general introduct ion and handl ing of such 
vehicles, by inexperienced persons, result in a loss of life and 
destruction of property ? Can a vehicle using such a fuel be 
considered to have general uti l i ty and adaptabi l i ty ? 
Would  it be practicable to operate delivery wagons, say 
of Adams Express Company or any other large corporation, 
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having hundreds of wagons at their barns or stations, and 
store sufficient gasoline, amount ing to thousands of gallons, 
to operate them all ? This is a vital point, as no system can 
be properly considered to have general uti l i ty which is 
handicapped by its own inherent dangers. 
(2) As to noise. The electrical vehicle is almost noise- 
less. It does not begin to make the noise that even a horse 
makes on a dirt road, while a gasoline vehicle must, per- 
force, make a continuous puffing noise, due to the exhaust 
from the motor, and this is not only disagreeable, but to 
some people alarming. 
(3) Vibration. Owing to the rotary action of an electric 
motor, no vibration of any kind is communicated to the ve- 
hicle, whereas, in a gas or gasoline ngine, which is operated 
by the explosive force of gas or vapor in a cylinder, there is • 
a constant jarr ing and vibration, due both to the explosions 
and to the rapid reciprocating motions of the piston and 
rod and its connections through a crank to the fly-wheel. 
(4) Heat. As there is no fire or consumption of fuel in 
any way on an electrical vehicle, there is, of course, no heat 
developed;but  in a gasoline vehicle, the constant ignit ion 
and explosion of the gasoline raises the temperature of the 
cylinder to such a point on a long run as to prevent lubrica- 
tion of the cylinder, and to endanger the successful operation 
of the motor. To prevent his trouble, water circulation is 
necessary, and very often even this is not sufficient, and ice 
in quantity has to be carried in order to keep the cylinder 
cool enough to allow the motor to perform its normal work. 
(5) Odor. Of course, there is absolutely no odor con- 
nected with an electrical vehicle, while all the gasoline 
motors we have seen belch forth from their exhaust pipe a 
continuous tream of partial ly unconsumed hydrocarbon i  
the form of a thin smoke with a highly noxious odor. Im- 
agine thousands of such vehicles on the streets, each offer- 
ing up its column of smell as a sacrifice for having displaced 
the superannuated horse, and consider whether such a system 
has general ut i l i ty or adaptabi l i ty ! 
(6) Simplicity of construction. Aside from the ~esthetie 
considerations above enumerated, the electrical vehicle 
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admits of a simplicity of construction which it is impossi- 
ble for a gasoline vehicle ever to attain. No engine, gas or 
steam, was ever built that at all approaches in simplicity an 
electric motor, and when such a motor is geared direct to 
the driving wheel by a single pinion on the armature shaft, 
it would seem that the very last degree of refinement in 
simplicity of construction had been reached in the electrical 
vehicles under consideration. Compare this construction 
with the marvelously complicated riving gear of a gasoline 
vehicle, with its innumerable chains, belts, pulleys, pipes, 
valves and stop-cocks, etc., and then put the quest ion-- Is  
it practicable? Is it not reasonable to suppose, with so 
many things to get out of order, that one or another of them 
will always be out of order? Does so complicated a 
structure possess the elements of general uti l ity and adapt- 
abil ity ? 
(7) Ease of handling. The last point considered natur- 
ally brings us to the next feature, ease of handling. Wi th  
so complicated a mechanism as that  described above in the 
case of gasoline vehicles, it would be absolutely essen- 
tial to have a skilful engineer and machinist o operate 
them. While it might  be possible to instruct an ordinary 
man or woman how to steer the machine and to put on or 
take off the power, yet, for its successful operation, this 
would not be sufficient, as it would be imperatively necessary 
for them to be familiar with any or all the troubles that 
would natural ly arise from imperfect mixture of the air and 
gas, or the proper amount of gasoline necessary to feed into 
the mixture, and, in fact, to possess a working knowledge of 
the various parts of an engine and how to keep them lubri- 
cated and iN proper working condition; whereas, on an elec- 
trical vehicle, we can take a boy twelve or fourteen years of 
age, or a young lady accustomed to driving a horse, and, 
with ten minutes'  practice, they can operate the vehicle 
perfectly. Of course, we do not mean to claim that no tech- 
nical knowledge is required in connection with electrical 
vehicles; on the contrary, the proper care of batteries re- 
quires skilful and intell igent workmen, but such work is 
independent of the operation of the vehicle, and is, in fact, 
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done when the vehicle is not in use. Once place the charged 
batteries on the vehicle, and you are ready to start without 
any complicated conditions being complied with. 
(8) Perfect control. This point has to do with the steer- 
ing apparatus and the method for regulat ing the speed of 
the vehicle. Whi le a safe and certain method of steering 
is essential in a motor-vehicle, there are many ways of 
accomplishing the same result. We have employed three 
different methods, all of which work satisfactorily. The 
regulator for controll ing the speed is worked with the left 
hand, and the current can be turned on or off instantly, 
and the vehicle brought to a standstil l  by a brake worked 
by the foot, and then, if so desired, made to go backwards. 
The steering is accomplished by the r ight hand, and can be 
done with the nicest degree of accuracy in any direction. 
(9) Cleanliness. This point properly belongs to the 
~esthetic condition first mentioned, but the electrical vehicles 
enjoy a marked advantage in this respect over their gaso- 
line competitors. 
(Io) Economy of power. It is proper for us to state that 
we do not believe any of our competitors can show such 
small losses of power for internal work as we do in our 
machines. As a result of this, we are able to do the same 
work with a smaller expenditure of energy. For example, 
during the tests of our vehicles which were made in Chi- 
cago, we developed a speed of over 20 miles per hour with 
an input to the motors of less than 3 horse.power. 
(If) Economy of operation. As to this point, the cost 
of operating a motor-vehicle by either electricity or gaso- 
line is so small as to be almost negligible, or, in our case, 
¼ cent per mile. 
(I2) Cost. In the matter  of cost, we feel that we can 
decidedly underbid the gasoline vehicles, on account of the 
much simpler form of our construction. For example, the 
vehicle under test can be sold at a handsome profit for from 
$I,2OO to $I,5oo. 
(I3) Elegance of design. This last point, while the least 
important of all those discussed, should be given its due 
proportion of merit. This is a matter  that must necessarily 
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be left to the carriage builder ; but, owing to the extreme 
simplicity of the mechanical equipment of an electrical 
vehicle, compared with a gasoline motor-vehicle, it would 
seem as though it would be a much easier problem for the 
carriage builders to solve. 
From a table published by the Equitable Electric Rail- 
way Construction Company, as to the horse-power necessary 
to propel I,ooo pounds, at various speeds and up various 
grades at same speed, I find that, on a level rail, at 12 miles 
~e'r hour, it requires o'32o horse-power per i,ooo pounds. 
Whi le we have had but little opportunity to test our new 
machines, it is interest ing to compare the few readings 
which we have already obtained with this table. These 
readings have all been obtained from Eleetrobat No. 2. 
Assuming the weight of vehicle and two passengers to be 
about 2,ooo pounds (I,65o pounds of vehicle and 3~o pounds 
passengers), the horse-power required for speeds Nos. I, e 
and 3, on levels, is as follows : 
~Iiles tto~se-~ower 
Speed. Amkkres, Uolts 14lairs. )Oer Hour. Horse*)bower. on Rails. 
. . . . .  6 96 576 5 "77 0"266 
2 . . . . .  I5 96 1,44o 12 x'9 o 0"64 
3 . . . . .  3o 9 ° 2,7oo 2o 3"63 Fo66 
Trautwine gives 91 pounds as the tractive effort required 
to move a ton IO miles per hour, on levels; this is equal to 
2" 4 horse-power. As we have been able to move a ton I2 
miles per hour with 1" 9 horse-power, we must  attr ibute the 
increased efficiency obtained to pneumatic tires and ball 
bearings. 
DISCUSSION.  
DR. ROB'T GRIMSHAW.--What is the weight on drivers ? 
MR. SALO~L--About i,ooo pounds. 
MR. JOHN H. COOPER.--The most important feature, for 
whieh no adequate provision seems to have been made on 
the machine exhibited here to-night, i s  the importance of 
controll ing its speed while descending rades and for sud- 
den stoppages, to avoid accidents by collision. In a hil ly 
country, safety going down hill iS as important as abil ity to 
go up the same. Of course, on good roadways, like the 
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avenues in Chicago, the ordinary brake may answer the pur- 
pose of a Check or stoppage, provided the wear and tear on 
the tires does not too rapidly destroy them. If iron tires, 
as now used, be adopted for certain kinds of service, the 
brake, as usually made and applied, may become the cheap- 
est and most readily applied method of arresting the motion 
of these vehicles, and that, upon all roadways, whether 
level or undulat ing. 
I would suggest for the consideration of Mr. Salom, as a 
feature which I believe to be worthy of experiment, a modi- 
fication of the motor, such that it may become a dynamo, and 
thus return to the batteries (while the vehicle is propelled by 
gravity in descending rades) a part of the motive force 
which was expended in ascending. As the change of elec- 
tric current could be made instant ly and easily, and per- 
haps with less first cost of mechanism to aecomplish the 
desired result, there would seem to be no reason why such 
a method of controll ing speed should not be adopted. The 
chief advantage of this method would, perhaps, be the 
partial restoration of electromotive force to the batteries, 
by which, in many journeys, the machines would be enabled 
to get back home again, without extraneous assistance. 
In general, with such devices, the amount of motive 
force necessary for any round trip will be measured as for 
the same on a level roadway; the extra expenditure of force 
to ascend would be nearly restored by the returned force 
developed by the descent. 
With such devices you would obtain as full control of 
stopping motions as you now have of guiding, both of which 
are absolutely necessary in crowded thoroughfares, as well 
as on hil ly roads. 
MR. SALOM.--Thense of the motor as a dynamo to develop 
current for charging the batteries in descending rades is 
quite an old one, but the gdditional advantage gained 
would not compensate for the complications involved in 
accomplishing such a result. 
DR. GRIMSHAw.--What about the brakes ? Experience 
shows that on long grades the ordinary, brake applied to 
a bicvele tire will ruin it very shortly. On some of the 
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long Virginia hills, if a rider loses his pedals, and must  con- 
trol by the brake, the tire is often ruined in one " coast." 
MR. SALOM.--The question of braking is one that will not 
have to be considered very seriously unti l  motor vehicles 
become more largely introduced for country service. The 
ordinary brake device, with which the present vehicle is 
equipped, is amply sufficient for any grades that may be 
encountered in a city like Philadelphia, and, indeed, is quite 
sufficient for very steep grades, if the speed of the vehicle 
is not allowed to become too great before the brake is ap- 
plied. The abil ity to reverse the machine, moreover, is an- 
other source of braking, which could be used in any emer- 
gency to avoid accidents. For very steep grades, it would, 
perhaps, be better to have a band brake applied on the 
armature shaft. 
DR. GRIMSHAW.--How quickly can the machine be 
swerved from a straight course ? In close quarters an intel- 
l igent horse will. swerve and avert a collision before his 
driver will receive and weigh the impression and pull the 
proper rein, and the horse receive and act on the impression. 
It is often promptness, rather than accuracy of guidance, 
that is essential. 
MR. SALOM.--In regard to steering, or swerving from a 
straight course quickly, when going at a high rate of speed, 
I would say that the machine responds to the motion of the 
steering lever instantly, and it would seem that the abil ity 
to avert collision would be largely a matter  of the personal 
equation of the driver, some minds acting very much more 
quickly than others. 
MR. WM. L. DU~OlS.--I would like to ask Mr. Salom 
whether he has made any estimate as to what it would cost 
a user of a vehicle to operate it after all arrangements for 
storage house, etc., as proposed, shall have been com- 
pleted. 
MR. SALOM.--The cost of operating such a vehicle as we 
have exhibited here this evening, when proper arrange 
ments for its care and maintenance had been made, would 
not exceed 5o cents a day for 2 5 miles. 
DR. GR~MSHAW.--Isn't $I a day a liberal est imate 
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for keep of horse ? At expensive stables in New York City, 
the charge for boarding a horse and caring for harness and 
wagon is only $30 a month. 
MR. SALOM.--In regard to my estimates for the expenses 
of animal traction, I would say that  I arrived at the figure 
of $I per day per horse, after consult ing with a great num- 
ber of persons who use horses to a greater or less extent ;
and while, of course, $I would be a very liberal estimate 
where a large number  of horses were employed, yet it so 
frequently exceeds this amount in the case of private indi- 
viduals, who have only a few horses, that I think the aver- 
age would be above, rather than below, this amount. 
MR. DUBOIS.--In the case of an electric carriage, if the 
owner of it should choose to lie off for a month, it would 
then be costing him nothing, while the expense of keeping 
a horse would continue. 
MR. SAI.OM.--What Mr. I)ubois says is quite correct, and 
the total cost of operating would be much less than I have 
estimated, where the vehicle is only occasionally operated, 
or where the service is irregular in its application. We had 
a good i l lustration of this last summer, when, owing to the 
heat, our first experimental wagon was not taken out of the 
station for nearly three months, the batteries having been 
charged immediately after the previous trip had been made, 
and, a lthough nothing had been done to the vehicle or the 
batteries for that length of time, we were enabled to back 
the machine out of the station and make a run of 15 miles, 
at the rate of Io miles an hour, without any additional 
charge being put into the batteries, or without the neces- 
sity of doing anyth ing to the machine. 
MR. C. J. l~nEI).--What is the capacity of the battery, 
when charged, in horse-power hours ? 
MR. SALOM.--About 5 horse-power hours, at maximum 
rate of discharge. 
MR. SPENCER FULLERTON.--What difficulties have you 
met from the prejudices of the community,  or from the 
prejudices of the authorit ies ? Has the latter prejudice led 
to the enactment of absurd laws against automobile vehi- 
cles, restraining their natural  and proper development, as 
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has been the case in England ? For example, l iabil ity for 
damage caused to or by fr ightened horses, would be one 
point; others are: increased rates over horse-drawn vehicles 
on toll roads; responsibil ity for in jury to roads and 
bridges ; unnecessari ly wide tires, enforced in the case of the 
automobile, etc. 
MR. SAI,OM.--We have met with no difficulties from the 
prejudices of the community,  nor have we found that our 
vehicles would fr ighten horses. It is very rare that a horse 
pays any more attent ion to our vehicles than he would to 
an ordinary earriage. Of course, some horses occasionally 
show evidence of being a little fr ightened, but no runaways 
have ever been caused, nor has any accident of any nature 
whatever happened, from the operation of these vehicles in 
the streets or park. Up to this t ime no restrictions of any 
nature whatsoever have been put in force against the 
motor vehicle. 
ELECTRICAL  SECT ION.  
£taled Meelin&G Tuesday, January 28, i896. 
MR. CARL HERING, President, in the chair. 
THE EVOLUTION oF THE STORAGE BATTERY.  
Bv IV[AURICE BARNETT. 
In i8Ol, Gauterot, while decomposing salt water electro- 
lytically, noticed that  on breaking the circuit he could 
obtain a current of short duration from the electrodes. A 
few years later, R i t ter  constructed a pile consisting of disks 
of copper, separated by pads moistened with saline solution. 
After  passing a strong electric current through the pile he 
was able to obtain a current of considerable intensity from 
the pile itself. 
This pile of Ritter's, while not a storage battery in the 
sense in which that term is now used, was, in principle, 
related to the modern apparatus employed for the so-called 
storage of electric energy. It is interest ing to us as being 
a piece of apparatus, the theory of which would, at a later 
